. (2015). Comparison of ten major constituents in seven types of processed tea using HPLC-DAD-MS followed by principal component and hierarchical cluster analysis. Food Science and Technology, 62 (1, Part 1),[194][195][196][197][198][199][200][201] types of processed tea, namely green tea, yellow tea, white tea, oolong tea, black tea, aged 3 pu-erh tea and ripened pu-erh tea. MS was used for identification in positive ion mode, and 4 DAD was used for quantification at wavelength of 210 nm. Ten components were 5 simultaneously determined in 74 tea samples representing 7 processing types, and then 6 principal component analysis (PCA) and hierarchical cluster analysis (HCA) were used to 7 distinguish and classify between the samples. The results demonstrate that the contents of the 8 major constituents significantly varied among the 7 types of tea. Unique aspects of each type 9 of processing were correlated with unique aspects of the chemistry of the tea. The 7 types of 10 processed tea were successfully divided into four categories based on our determination and 11 chemometrics analysis. Our present method was adaptable for the comparative study of 12 processed tea, which significantly contributes to discrimination and quality evaluation of teas. 
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Introduction
1 Tea, next to water, is the second most popular beverage in the world (Shahidi, 1997) . Tea 2 contains multiple constituents, and catechins as well as alkaloids are considered to be the 3 major bioactive components among these chemicals (Da Silva Pinto, 2013; Wang et al., 4 2011). It is well known that tea has extensive health benefits for humans, including 5 anti-oxidation (He & Shahidi, 1997) , anti-obesity (Sergent, Vanderstraeten, Winand, Beguin, 6 & Schneider, 2012 ), anti-viral (Zhong, Ma, & Shahidi, 2012 , cholesterol-lowering effect 7 (Chan et al., 1999) , and reducing the risks of cancer (Wu et al., 2007; Zhong, Chiou, Pan, Ho, 8 & Shahidi 2012). Due to its powerful anti-oxidant and anti-microbial properties, tea extract 9 has also been used as a natural preservative to increase shelf life of foods (Dong, Zhu, Li, & 10 Li, 2013; Oh, Jo, Cho, Kim, & Han, 2013) .
11
In general, teas are processed before use. There are basically 7 processing methods in 12 China, producing the 7 main varieties of tea to meet the needs of different consumers (Lu & 13 Shen, 2012; Zhou, Duan, Wu, & Si, 2013) . They are green tea (GT), yellow tea (YT), white 14 tea (WT), oolong tea (OT), black tea (BT), aged pu-erh tea (APT) and ripened pu-erh tea 15 (RPT). Their processing protocols are illustrated in Diagram 1. However, the 7 processed teas 16 are always confused, because few chemical characteristics of these teas have been described 17 systematically.
18
Insert Diagram 1 here 19 On the other hand, consumers have the opportunity of exposure to various teas, and they 20 are eager to know their difference and how to distinguish between them. For tea producers 21 and tea regulatory agencies, they also want to establish a specific quality standard based on 22 the characteristics of individual tea for quality assurance and quality control (QA & QC) . 1 Therefore, a comparative study of the major chemical constituents in various processed teas 2 is urgently needed now. 3 Recently, chemical analysis of tea has been carried out using TLC (Cimpoiu, Hosu, 4 Seserman, Sandru, & Miclaus, 2010) , HPLC (Song, Li, Guan, Wang, & Bi, 2013; Rahim, 5 Nofrizal, & Saad, 2014; Wang, Helliwell, & You, 2000; El-Shahawi, Hamza, Bahaffi, 6 Al-Sibaai, & Abduljabbar, 2012) and UPLC-MS (Fraser et al., 2013; Pongsuwan et al., 2008). 7 However, the existing studies mainly focus on the determination of a single or a few types of 8 tea based on a few makers. Up to date, compositional data generated using the same 9 extraction and the same validated methodology are still scarce, and comparative analysis of a 10 comprehensive range of teas simultaneously by a single method has not been reported (Stodt 11 & Engelhardt, 2013) . 12 Inspired by the above-mentioned problem, in the present work, we aimed: (i) to develop a 13 new HPLC-DAD-MS method for simultaneous determination of 10 major components (7 14 catechins, 2 alkaloids and 1 gallic acid) in 74 tea samples produced by 7 processing methods; 15 (ii) to classify the tea samples by principal component analysis (HCA) China. Detailed information of these teas is listed in the Table S1 of the Supporting data. for 10 min with intermittent shaking, three times ( Figure S1 ). The validity of the method was well assessed, and the results are summarized in Table 1 3 (details are listed in Table S2 to Green Tea (GT). The first step of processing GT is called green-killing ("Shaqing" in 25 Chinese), which is also the key process (Diagram 1). Green-killing refers to quick application 26 of heat, either with steam, or by parching in hot pans, to halt oxidation and fix most of the 1 chemical constituents of the tea leaves (Lu et al., 2012; Zhou et al., 2013) . As shown in Table   2 2, it was found that EGCG (54.06 mg/g) and CAF (34.86 mg/g) were the two most abundant 3 of the ten components in GT, and in fact GT possessed the most abundant EGCG and CAF of 4 all the other types of tea. This finding may correlate with the short processing period of GT, 5 and the degradation of catechins in tea was inhibited. the other steps are as same as those of GT. As shown in Table 2 , there was no significance in Black Tea (BT). BT is a completely oxidized tea. The withered tea leaves undergo 10 bruising through crushing or cutting to disrupt leaf cell structures, fully releasing the leaf 11 juices and enzymes that activate complete oxidation (Diagram 1). As shown in Table 2 and degree of oxidation is higher than APT. As shown in Table 2 samples and determine whether samples can be grouped. In our study, the initial eigenvalues 5 were generated by inputting the contents of ten determined components in the 74 tea samples 6 to SPSS software. The cumulative percent variance (CPV) of three principal variables was 7 found to be 86.62 % of the total variance, which meets the general requirements of CPV > 8 70%~85% for PCA analysis (Liu, 2007) . Thus, the resulting data was plotted to produce a Table 1 Linearity, sensitivity, precision, accuracy and stability of the method.
HPLC-DAD-MS analysis

Table 2
The contents of the ten components in seven types of tea. ) YT (7) WT (8) OT (13) BT (8) RPT (11) APT (10 a) The value is mean ± S.D. of samples from the same type of tea.
b) The number of samples for each type of tea. c) *, p < 0.05; **, p < 0.01 and ***, p < 0.001 with respect to GT group.
Legends for Figures
Diagram 1. Illustration of the preparation of the seven types of Chinese tea ( the key process).
Fig. 1.
Chemical structures of the ten main components in tea. 2, TBM; 3, GC; 4, EGC; 5, C; 6, CAF; 7, EC; 8, EGCG; 9, GCG; 10, ECG; STs, reference standards). Table S1 . The detail information of 74 tea samples (types, brands, production places and contents of ten components). Table S2 . Linearity calibration curve factors, LOD and LOQ of the ten components. Table S3 . Repeatability, reproducibility and stability of the method. Table S1 . The detail information of 74 tea samples (types, brands, production places and contents of 10 components). Notes:
Brewing tea with hot water for a short while is the most popular way of tea drinking. Brewing period and brewing times were optimized, the results showed that that exhaustive extraction could be achieved when 0.5 g tea sample powder was extracted with 30 mL hot water at 99 o C for 10 min with intermittent shaking, three times ( Figure S1 ). 
